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ASSESSMENT OF INTRAOPERATIVE EVENTS AND COMPLICATIONS IN 
NON-CARDIAC SURGERIES AND PROCEDURES IN PATIENTS WITH 
CONGENITAL HEART DISEASE   
 
ELISE REDDINGTON 
 
ABSTRACT 	  
Introduction: Currently, patients diagnosed with Congenital Heart Disease (CHD) are 
living longer lifespans, leading to an increased number of these patients presenting for 
non-cardiac procedures/surgeries.  Little research has been recently done analyzing 
intraoperative complications/risks for CHD patients undergoing non-cardiac surgeries.  
This study aims to identify common intraoperative events experienced by CHD patients 
undergoing non-cardiac surgeries using more recent data, while at the same time 
analyzing to see if there is any difference in frequency of intraoperative events 
experienced between different types of CHD diagnoses. 
 
Methods: After receiving IRB approval, patients with CHD presenting for non-cardiac 
procedures/surgeries between the years 2008 and 2012 were pulled from Boston 
Children’s Hospital’s Electronic Medical records. 1,024 non-cardiac surgical encounters 
from 362 patients were analyzed to determine average age, average weight, patient 
gender, average ASA class, frequency of CHD diagnoses, ventricular function, type of 
non-cardiac procedure, premedication administration, type of induction and type and 
frequency of intraoperative events experienced. The 1,024 encounters were divided into 
two groups: those done in patients diagnosed with single ventricle physiology (n=79) and 
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those done in patients diagnosed with non-single ventricle physiology (n=945).  Unpaired 
Mann-Whitney tests were performed to determine if there was a significant difference in 
overall and specific intraoperative event occurrence between the single ventricle and non-
single ventricle groups. 
 
Results: Average age and weight at the time of these surgical encounters was 4.86 years 
and 20.57 Kg. A majority of the surgical encounters were done in males (59.2%). Atrial 
septal defect was the most common type of CHD, and most of the patients in these 
surgical encounters received an ASA class of 3. Intraoperative events occurred in 24.4% 
of the surgical encounters with cardiovascular events being the most common (44.82% of 
total events).  Other events made up 30.49% of events experienced intraoperatively, with 
respiratory events making up the remaining 24.70%.  There was a significant difference 
in the occurrence of overall events between the single ventricle and non-single ventricle 
group (P<0.0001).  Additionally, there was a significant difference in the occurrence of 
cardiovascular events (P<0.0001) and Other events (P=0.0001) between the single 
ventricle and non-single ventricle groups. There was no significant difference in the 
occurrence of respiratory events between the two groups (P=0.648). 
 
Discussion: The most common type of intraoperative event experienced by CHD patients 
during a non-cardiac surgery was cardiovascular events. Significantly more overall 
intraoperative events, including cardiovascular and other events, occurred in surgical 
encounters performed on CHD patients exhibiting single ventricle physiology than those 
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encounters done on CHD patients with a non-single ventricle physiology. Results of this 
study suggest that it would be likely for CHD patients to have a cardiovascular event 
occur during non-cardiac surgery and that this may be more likely in patients with a 
single ventricle physiology. This study was subjected to the limitations of retrospective 
chart review, as well as missing and infrequent documentation.  Future analysis will look 
to find correlations between the occurrence of intraoperative events, and demographic 
and procedure variables analyzed in this study. 
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INTRODUCTION 	  
 Congenital Heart Disease (CHD) is a birth defect that affects about four to eight 
live births out of 1,000 and is the most common birth anomaly (Perloff & Warnes, 2001; 
National Heart, Lung, and Blood Institute, 2011). CHD is defined as, “A gross structural 
abnormality of the heart or of the intrathoracic great vessels that is actually or possibly of 
functional significance” (Mitchell, Korones, & Berendes, 1971). In a normally structured 
heart, there are four distinct chambers that keep two different circulations separate and in 
series with one another, namely the right atrium (RA), right ventricle (RV), left atrium 
(LA) and left ventricle (LV).  The pulmonary circuit is to provide deoxygenated blood 
via the RA and RV to the lung, and the systemic circuit is to deliver oxygenated blood via 
the LA and LV to the body.  With CHD, the abnormal structure of the heart and vessels 
often causes these two separate circulations to mix, resulting in blood that is not fully 
saturated with oxygen being pumped out to the systemic organs. Many different kinds of 
structural defects exist in CHD, leading to great variation in the severity of the disease 
and the effects the disease imposes on a person’s life. In order to better classify the 
disease and better understand the impact of specific structural abnormalities, Warnes et 
al., (2001), classified the various types of CHD into simple, moderate, and severe lesions. 
Types of CHD are considered more or less severe depending on how significantly a 
person’s physical status is affected. For example, Warnes et al., (2001), indicated that a 
Patent Foramen Ovale (PFO) or a small isolated Ventricular Septal Defect (VSD) would 
be considered simple types of CHD.  A moderate type of CHD includes Tetralogy of 
Fallot (TOF), a disease that encompasses four main structural abnormalities.  Hypoplastic 
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Left Heart syndrome would be considered severe since the left ventricle, including the 
mitral valve, aortic valve and aorta, do not grow properly and therefore the person’s 
ability to deliver oxygenated blood to body tissues is greatly diminished (U.S. National 
Library of Medicine, 2015.)  The specific types of defects listed above are a few of the 
many lesions that have been classified as either simple, moderate, or severe.  Grouping 
CHD lesions into categories provides incite as to the degree in which a lesion can affect a 
patient’s quality of life, even though two types of lesions in the same category can be 
very different physiologically.  
A brief history of CHD  
 As stated before, CHD can significantly impact the body’s ability to deliver 
adequate amounts of oxygen to various organs.  Because of this, children born with CHD, 
especially a severe type, had a very low chance of survival and almost never lived to see 
adulthood.  For example, a child that was born in the 1940s or 1950s with a severe type 
CHD only had a 20% chance for survival to age one (Warnes et al., 2001).  Additionally, 
in 1973 the British Heart Journal reported that the overall mortality for all types of CHD 
was so high that the incidence of CHD at age one was about half the incidence at birth 
(Campbell, 1973).  The decrease in incidence was further examined by type of CHD.  
TOF, now considered a moderate type of CHD at this time had a 50-60% decrease in 
incidence in the first year of life, suggesting that over half of the children born with this 
type of CHD died within a year (Campbell, 1973). This study had also followed a group 
of 1,000 children born with various types of CHD.  The group was followed over a period 
of 20 years and at the end of the 20 year period, only 308 subjects were still alive 
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(Campbell, 1973).  This study illustrates that just over 40 years ago, CHD proved to be a 
fatal diagnosis for most patients.  Thankfully over these last 40 years, much advancement 
has been made in the diagnosis, care, and surgical techniques used in CHD, leading to a 
significant drop in mortality. For example, new surgical techniques were developed for 
patients with HLHS, or other types of single ventricle physiology in order to maximize 
oxygen delivery throughout the body.  One example of the development of palliative 
surgical procedures for patients with a single ventricle includes Fontan procedures 
(Castaneda, 1992).  With a patient having only a single ventricle, there is mixing of 
systemic and pulmonary blood, causing the systemic blood to be severely oxygen 
deficient (Lowry, 2012).  There is added stress put on this single chamber since it is 
responsible for delivering blood to both the lungs and systemic tissues.  This often leads 
to the ventricle functioning with great insufficiency (Lowry, 2012). What the Fontan 
procedure does is to allow systemic venous blood to passively flow straight to the lungs 
without the help of the single ventricle (Castaneda, 1992). In this circulatory pattern, the 
single ventricle is only responsible for pumping blood through the systemic circulation.  
The fenestrated Fontan surgical approach has reduced the pressure in the systemic venous 
vasculature that could cause effusions, while at the same time, maintains the cardiac 
output of the heart (Castaneda, 1992). At the time of the development of the original 
Fontan procedure, the surgical mortality associated with this procedure was 20%.  The 
modified fenestrated Fontan procedure decreased the surgical mortality to 4% 
(Castaneda, 1992). Surgical, interventional, and diagnostic advancements collectively 
helped to greatly reduce the mortality for all types of CHD. In the study published by 
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Warnes et. al that indicated a 20% chance for survival in the 1940s and 1950s, found that 
children born in the 1980s with CHD now had an 83% chance to survive to age one 
(Warnes et al., 2001).  The continual developments in diagnosis and treatment of CHD 
have led to even higher survival rates so that now the majority of children diagnosed with 
CHD live well into adulthood.  
Current Understanding of CHD  
 Currently in the United States, about 40,000 births per year are of children with 
CHD, with VSDs being the most common type (Centers for Disease Control and 
Prevention, 2015.) Of those 40,000 births, about 25% of them are classified as a severe 
type of CHD (CDC, 2015).  As a result of the recent advancements in the field of 
cardiology, specifically concerning CHD, the demographics of those living with CHD are 
now changing.  For the first time in history, there are now more adults than children 
living with CHD.  In the United States and Canada alone, there are about 1-3 million 
people diagnosed and living with CHD (Warnes et al., 2001).  With so many more people 
living longer lives, this poses new challenges for the field of medicine that had not 
needed to be considered before.  Now that CHD patients have longer lifespans on 
average, there is an increased likelihood that they will require medical care for conditions 
unrelated to their CHD. It is very possible that CHD patients may need a non-cardiac 
surgical procedure under anesthesia.  Whether these people have undergone surgical 
correction or have left their CHD untreated, the circulation of blood through their 
cardiovascular system is different from those with a structurally normal heart, which may 
lead to complications during surgery and certain risks involving the effects anesthetic 
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drugs may have on these patients. Much research has been done to determine the 
mortalities after a CHD patient undergoes a non-cardiac related procedure. One 
retrospective chart review compared the mortality rates of children with and without 
CHD after receiving a non-cardiac related procedure. The overall 30-day mortality rate 
for the CHD population was slightly more than three times greater when compared to the 
non CHD population mortality rate when looking at patients that had at least one of the 
100 most common non-cardiac procedures between the years 1993 and 1996 (Baum, 
Gutgesell, & Barton’, 2000).  The study additionally compared the 30-day mortality rate 
between the groups of children with a simple form of CHD and a severe form of CHD. 
Those with a severe type of CHD had a two fold increase in the mortality rate when 
compared to the mortality rate of those with a less severe CHD diagnosis (Baum et al., 
2000).  Based on the results of this study, it is evident that children with CHD undergoing 
a non-cardiac surgery were associated with an increased risk of mortality that differs by 
the type of CHD diagnosis.  
 The risk of mortality, including the risk of cardiac arrest (CA) was reviewed in 
children with heart disease (HD) using data from the Pediatric Perioperative Cardiac 
Arrest Registry. 373 CAs were reported in children 18 years old and under between the 
years 1994 and 2005 (Ramamoorthy et al., 2010).  34% of the CAs occurred in children 
who had either a congenital or an acquired type of HD.  When looking at the causes of 
CA, cardiovascular causes were more common in those patients who had HD.  A 
majority of HD patients who experienced CA were less than two years old, had received 
an ASA class of 3 or 4, and had the CA occur in the general operating room during 
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surgical maintenance (Ramamoorthy et al., 2010).  The mortality rate after CA was 
higher in children with HD when compared to those without HD (33% compared to 
23%).  More specifically, the mortality rate was higher in HD patients who had 
unrepaired lesions (43%) when compared to those with partially (27%) or fully repaired 
lesions (6%).  This retrospective chart review concluded that children with HD were not 
as healthy as those not diagnosed with HD, and therefore their chances of survival during 
a surgery requiring anesthesia was not as high.  HD patients diagnosed with a single 
ventricle experienced the highest number of cardiac arrests and over 75% of the deaths 
that occurred in the patients with HD that experienced CA were diagnosed with either 
aortic stenosis, cardiomyopathy, or single ventricle. Based on these findings, this review 
similarly suggests that children with CHD have a greater risk of mortality when 
undergoing a surgical procedure that may be dependent on the type of CHD lesion 
(Ramamoorthy, et al., 2010). 
 A more recent review was published in the Journal of the American College of 
Cardiology that compared the prevalence of mortality and major negative post-operative 
outcomes in CHD patients and non-CHD patients after receiving a non-cardiac surgery.  
Non-cardiac surgical records were analyzed from the year 2012 that included 4,520 
children with minor, major, or severe types of CHD. The review found that there were 
significantly higher mortality rates experienced in major and severe CHD patients after 
receiving non-cardiac surgery compared to control groups (Faraoni et al., 2016). Overall 
mortality for CHD patients in this sample was 2.3 times higher than the control group.  
Patients diagnosed with severe CHD experienced significantly higher 30-day mortality 
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rate, overall mortality rate, and incidences of cardiac arrest and reintubation.  Those 
diagnosed with major CHD had a significantly higher overall mortality as well as 
incidences of reintubation than their control group.  Those diagnosed with a minor type 
of CHD did not have any significant differences in mortality rates and post-operative 
event occurrence when compared to their control group (Faraoni et al., 2016).  This study 
suggests that when considering a more recent patient population, CHD patients still 
experience a higher mortality rate, and in addition, a higher prevalence of adverse post-
operative events that may be dependent on the type of CHD a patient is diagnosed with.  
Additional research has been published focusing on the non-cardiac surgical 
outcomes of those with specific types of CHD. One study published in the Journal of 
Pediatric Surgery compared the mortality of children with HLHS who underwent either 
cardiac or non-cardiac surgeries. The procedures from a total of 2,457 children all under 
the age of two years were analyzed between the years 1988 and 1997. Procedures that 
occurred between the years 1988 and 1992 were compared with the procedures that 
occurred between the years 1993 and 1997. It was found, that there was no significant 
improvement in the survival rate in non-cardiac procedures when comparing the two 
groups (Torres et al., 2002).  For the HLHS patients undergoing non-cardiac surgeries, 
the two groups similarly showed a mortality rate of 19%, leading the study to recommend 
that these patients should have their non-cardiac surgeries done in an institution with 
physicians who specialize in anesthetic care for people with CHD (Torres et al., 2002) 
 With a high mortality rate for HLHS patients undergoing non-cardiac procedures, 
further research sought to determine the type of experience patients with a severe type of 
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CHD had when undergoing a non-cardiac procedure after they received a specific type of 
palliation.  As mentioned before, the Fontan procedure is a palliative surgical procedure 
for patients with a single ventricular physiology. A study published in 2013 in the journal 
of Pediatric Anesthesia reviewed how patients who had received a Fontan procedure were 
cared for when returning to the hospital for a non-cardiac related procedure. The study 
looked at 31 patients who underwent a non-cardiac procedure after having a Fontan 
procedure performed between the years 1988 and 2009 (Rabbitts et al., 2013).  When 
looking at the 39 procedures that were done, complications occurred in 31% of the cases 
(Rabbitts et al., 2013).  Most of the complications occurred postoperatively, were 
hemodynamic in nature, and correlated with low cardiac function (Rabbitts et al., 2013).  
Because of the way the anatomy of the heart is reconstructed during the Fontan surgery, 
the pressure in the venous system is responsible for maintaining blood flow to the lungs 
and right atrium.  Therefore, the pressure in the venous vasculature must be kept high, 
with low resistance of the pulmonary artery, and hemodynamic complications could be 
relatively common problems in the perioperative setting (Rabbitts et al., 2013).  With 
these hemodynamic concerns as well as risk of arrhythmia and coagulation problems, the 
study concluded that patients who have had a Fontan procedure and now need to undergo 
a non-cardiac procedure should do so in a tertiary institution where there are congenital 
heart disease specialist who are very familiar with Fontan anatomy (Rabbitts et al., 2013).  
 The medical community has recognized that CHD comes in many forms, leading 
to varying degrees of risk when presenting for non-cardiac surgery. For example, HLHS 
is the specific CHD diagnosis with a high mortality rate and is fatal without surgical 
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correction (Lowry, 2012).  One can therefore infer that the degree of risk in someone 
with HLHS undergoing non-cardiac surgery may be higher than in a patient with a simple 
VSD lesion undergoing non-cardiac surgery.  The challenge here is that specific risks are 
hard to stratify with the degree and complexity of congenital lesions being so vast.  One 
review published in Continuing Education in Anesthesia, Critical Care and Pain 
attempted to establish a system to determine if patients are at low, intermediate or high 
risk for complications if they were to have a non-cardiac procedure done.  The review 
considered various factors such as physiological status, complexity of anatomy, and type 
of non-cardiac surgery (major or minor) (White & Peyton, 2012).  Based on the 
combination of these three factors, a patient could be classified as a low, intermediate or 
high-risk patient, which would provide a clearer recommendation when deciding the next 
steps to take in their non-cardiac surgical care.  The review suggested patients of low risk 
could have their non-cardiac procedure done at a local hospital, while intermediate risk 
patients could have their procedure done at a local hospital but should get a specialist 
recommendation and consider transferring to a specialist center for the procedure, and 
that those marked as high risk patients should undergo their non-cardiac procedure at 
specialist center (White & Peyton, 2012).  The review went even further with their non-
cardiac surgical care recommendations by considering what type of anesthetic drugs to 
use.  The review indicated that ketamine is a good choice for induction since systemic 
vascular resistance is known to not increase as much with this drug as it does with 
propofol (White & Peyton, 2012). The review indicates that sevoflurane is commonly 
used for inhalation induction as well as maintenance of anesthesia, and that isoflurane gas 
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can be used for maintenance as well (White & Peyton, 2012).  More studies have begun 
to better identify the risk factors and best anesthetic practices for certain types of CHD.  
With single ventricle physiology being one of the most severe cases, recommendations 
have been made concerning type of induction and maintenance of general anesthesia as 
well as inotrope use when undergoing a non-cardiac surgery (Yuki, Casta, & Uezono, 
2011).  Many of the recommendations were made with the goal of optimizing the 
systemic oxygen delivery and profusion pressure in the patient.  Recommendations also 
considered the more common postoperative complications of ventricular dysfunction, 
arrhythmias, protein losing enteropathy and plastic bronchitis that have been documented 
to occur in patients after receiving surgical correction for their single ventricle physiology 
(Yuki et al., 2011).   
The need for further understanding 
While all of this research is invaluable to the medical community when 
determining the risk involved with CHD patients undergoing non-cardiac surgery and 
how best to care for them, further research must be done in order for healthcare 
professionals to provide the best quality care for this growing population. For example, 
many of the studies published determined that there was an increase in morbidity and 
mortality for CHD patients undergoing non-cardiac surgery.  While some research has 
been done using more recent patient populations, many of the studies used older data 
from before the year 2005.  Cardiac surgery and interventional cardiology are two fast 
growing fields that are constantly evolving, and the patient population published from 
these studies may not be reflective of the present population. In addition, these studies 
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have looked at complications that occur in this population after undergoing both cardiac 
and non-cardiac procedures, mostly looking at mortalities.  Although recent database 
analysis showed that increased incidences of postoperative complications in patients with 
moderate and severe CHD during the 30-day following surgery, the study did not 
evaluate intraoperative events as well as any contributory factors from anesthetics 
(Faraoni et al., 2016). Furthermore, many studies that have analyzed the mortality, pre 
and post-operative risk factors and risk stratification were done so with small sample 
sizes.  Intraoperative complications and the determination of risk factors associated with 
them would be stronger in a study that included a larger sample size.  It is also of note 
that various studies have been done that only considered a specific type of CHD, or those 
who underwent a certain type of palliative surgery.  When determining the complications 
that occur during non-cardiac surgery, a study considering all types of CHD would be 
beneficial. The review attempting to create a classification system when considering how 
CHD patients should go about their non-cardiac surgical care specifically states that not 
all children with CHD have the same risks when undergoing a non-cardiac surgery and 
that the amount of research published on this topic is very little and outdated (White & 
Peyton, 2012).  As mentioned previously, with the number of people living with various 
types of CHD increasing, healthcare professionals need to better understand the risks 
involved with this population in order to determine the best course of treatment. In the 
medical journal, Congenital Heart Disease, a survey was conducted that analyzed the 
knowledge, attitudes and comfort level of 118 generalist anesthesiologists when caring 
for patients with CHD (Maxwell, Williams, & Ramamoorthy, 2014). While those with 
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cardiac and pediatric fellowship training did score significantly higher when it came to 
basic knowledge, the median of total questions answered correctly was 7 out of 20, 
indicating that these anesthetic providers had a low level of understanding when it came 
to the foundational concepts of CHD (Maxwell et al., 2014).  In addition to evaluating the 
anesthetic provider’s knowledge, the study also aimed to analyze the attitudes and 
comfort level of these anesthetic providers when having to work with patients who have 
congenital heart disease.  The majority of the anesthetic providers surveyed only 
moderately agreed that they would be comfortable caring for a CHD patient in a non-
cardiac surgery and similarly indicated moderate levels of comfort when asked about 
dealing with specific negative events if they occurred during the surgery (Maxwell et al., 
2014).  The findings of this study raises concerns when considering how a patient with 
CHD will be cared for while undergoing a non-cardiac surgery with a generalist 
anesthesiologist. It is important to state the questions in the study cannot determine the 
clinical competency of these anesthesiologists and low knowledge scores do not mean 
that smart and safe clinical decisions would not be made during a non-cardiac surgery for 
a CHD patient.  However, one cannot help but question the generalist anesthesiologist’s 
ability to apply knowledge of CHD to make complex clinical decisions during a non-
cardiac surgery if their foundational knowledge of the specific CHD diseases is not 
strong to begin with (Maxwell et al., 2014).  Even the anesthetic providers that did have a 
more solid foundational knowledge of CHD also reported less than full comfort when 
working with this population and were still able to on average answer only slightly more 
than half of the knowledge questions (Mitchell et al., 1971).  This study concluded that 
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even if physicians received specialty training in CHD related fields, these 
anesthesiologists are still not fully comfortable when working with the CHD population, 
suggesting that precise risk factors for this population and best practices for anesthesia 
care are not well defined and more research needs to be done in this area.  
Specific Aims and Objectives 
In order to provide the best quality care for patients with CHD that must undergo 
a non-cardiac procedure, anesthetic providers need to be made aware of the adverse 
events that can occur intraoperatively. Few studies have been published that define the 
specific complications that can occur in this population during non-cardiac surgery.  
Previous studies have analyzed mortality rates after completion of non-cardiac 
procedures in this population, but more research is needed to better understand the 
intraoperative risks this population faces. In addition, with the more recent developments 
regarding the care of CHD patients, the studies that do analyze the risks and outcomes of 
CHD patients undergoing non-cardiac surgery are becoming outdated. Also, with the 
great variation in the complexity of various CHD diagnoses, it may be possible that those 
patients with a more complex single ventricle physiology may differ in the occurrence of 
intraoperative events than those with a less severe CHD diagnosis exhibiting a non-single 
ventricle physiology. The goal of this study is to identify specific adverse events that 
occur during non-cardiac procedures in CHD patients using more recent data.   This study 
also aims to find if there is a significant difference in the frequency and type of 
intraoperative events that occur based on type of CHD diagnosis in the CHD patients at 
Boston Children’s Hospital.   
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 The specific aims of this study are  
1) To establish the demographics of the CHD population at Boston 
Children’s Hospital including average age, weight, gender, specific 
CHD diagnosis, ASA class and type of non-cardiac surgery 
2) To analyze the type and frequency of the adverse events/complications 
that occurred intraoperatively during non-cardiac procedures 
3) To see if there is a significant difference in the occurrence of certain 
intraoperative events during a non-cardiac procedure depending on the 
type of CHD diagnosis a patient has received.   
Through this study, we hope to establish specific types of adverse events that have 
occurred during non-cardiac surgeries in the CHD population in more recent years.  We 
also hope to find if there is a significant difference between the more severe CHD 
diagnoses consisting of a single ventricle physiology when compared to those with a less 
severe non-single ventricle physiology CHD diagnosis, and the occurrence of adverse 
intraoperative events. By using a larger sample size consisting of non-cardiac surgical 
encounters done more recently, we hope to increase the medical community’s knowledge 
regarding what specific risks to be aware of when performing non-cardiac surgery on a 
CHD patient, leading to better quality care for CHD patients in today’s day and age. 
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METHODS  	  
After receiving approval from the Boston Children’s Hospital Institutional 
Review Board, a broad list of potential candidates for this retrospective chart review was 
generated from Boston Children’s Hospital’s Electronic Medical Record. The electronic 
preoperative assessment sheet was used to tag patients that had non-cardiac surgeries or 
procedures and were noted to have any history of cardiovascular disease between the 
years 2008 and 2012.  Each surgical encounter was manually evaluated to determine if 
the patient in that encounter was diagnosed with Congenital Heart Disease (CHD), and if 
the surgical procedure was non-cardiac in nature.  Surgical encounters were excluded if 
the patient had not been diagnosed with CHD, or if the surgical encounter included only 
cardiac procedures.   
Preoperative data for each specific surgical encounter was recorded from the 
medical records which included the patient’s age, weight, gender, specific CHD 
diagnosis, American Society of Anesthesiology (ASA) physical status prior to surgery, 
ventricular function prior to surgery, and if a Cardiac Anesthesia consult was sought prior 
to the surgical encounter taking place.  In Boston Children’s Hospital, anesthetic 
management of patients with CHD presenting for non-cardiac surgeries or procedures is 
performed by the main operating room team.  A cardiac anesthesia consultation is 
provided by the cardiac anesthesia team. Variables relating to the non-cardiac surgical 
encounter itself were also recorded which included the type of non-cardiac surgery that 
took place, if premedication was administered before the surgical encounter and if so 
what type, what type of induction method was used to induce anesthesia, the medications 
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used to maintain anesthesia throughout the surgical encounter, the planned verses actual 
postoperative disposition for the patient, the oxygen saturation of the patient right before 
and right after the surgical encounter, and the events that occurred intraoperatively. 
Ventricular function before surgery was obtained from the electronic medical record and 
determined from the most recent echocardiograph that was performed before a specific 
surgical encounter. Ventricular function was termed unknown if the most recent 
echocardiograph was performed more than three months prior to the specific surgical 
encounter. All of the non-cardiac procedures performed were classified based on the type 
of surgery.  Non-cardiac procedure classification included otorhinolaryngology, 
radiology, orthopedics, gastrointestinal medicine, general surgery, urology, dental, 
plastics, dermatology, neurosurgery, ophthalmology, hematology, pulmonary medicine, 
maxillofacial surgery, pain, vascular surgery, and gynecology. Intraoperative events were 
classified as events that took place during the time the patient was under care of the 
anesthesia team during the surgical encounters. Intraoperative events were taken from the 
notes written on the anesthesia record for a specific surgical encounter.  Intraoperative 
events were considered to be any unplanned complications that were noted, as well as the 
administration of medications typically used to improve organ function relating to certain 
physiological parameters including inotrope use, cardiac arrest, arrhythmias, difficult 
IV/A-line placement, albumin use, blood product use, respiratory difficulty, desaturation, 
difficult intubation, laryngospasm, failed extubation, and other events. All intraoperative 
events were then classified into three categories, Cardiovascular events, Respiratory 
events, and Other events.  
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After documentation of the necessary information stated above from the surgical 
encounters, the data set was then divided into two groups.  One group included the non-
cardiac surgical encounters done on patients with a single ventricle physiology, and the 
other group included those surgical encounters done on patients with a non-single 
ventricle physiology.  Single ventricle physiology included HLHS, Double Inlet Left or 
Right Ventricle (DILV or DIRV), pulmonary atresia, and/or tricuspid atresia.  Non-single 
ventricle physiology included all other types of CHD diagnoses containing a two-
ventricle physiology.  Statistical analysis was done using the Graph Pad Prism software 
program. Three unpaired T-tests were performed to identify if there was a significant 
difference in age, weight and ASA class between the two groups.  A Mann-Whitney test 
was done between the two groups to determine if there was a significant difference in 
gender.  Additional Mann-Whitney tests were performed that compared the overall 
occurrence of intraoperative events, as well as comparing the three categories of 
intraoperative events (Cardiovascular, Respiratory, and Other) between the two groups.  
The Mann-Whitney tests allowed us to see if there was a significant difference in the 
occurrence of intraoperative events overall, as well as in the occurrence of a certain 
category of event between the single ventricle group and the non-single ventricle group.  
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RESULTS 
 
In this study, a total of 1,024 surgical encounters among 362 patients were 
analyzed.  The average age of the patients at the time of these surgical encounters was 
4.86 years old (Figure 1).  The average weight was 20.57 kilograms (Figure 1).  When 
comparing gender, 59.2% of the surgical encounters took place in patients that were 
male, and 40.8% of the surgical encounters took place in patients that were female 
(Figure 1).  The majority of the surgical encounters occurred in patients less than one 
year old, which made up 236 of the total non-cardiac surgical encounters that took place 
(Figure 1).  
Figure 1: Age Distribution The X-axis represents the age in years the patient was at the 
time of the non-cardiac surgical encounter.  The Y-axis represents the number of surgical 
encounters that took place at a particular age.  Age at the time of a surgical encounter 
ranged from 1-day-old to 33 years old.  
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CHD diagnosis was recorded for patients in each individual surgical encounter.  
An overall diagnosis consisting of one or two main lesions was assigned based on the 
most complex defects in a particular patient and what types of palliative procedures the 
patient had undergone previously. Overall, the most common CHD diagnosis was an 
Atrial Septal Defect (ASD) making up 29.85% of all the CHD diagnoses (Table 1).  The 
least common diagnoses were both Double Inlet Left Ventricle (DILV) and Tricuspid 
Valve (TV) Disease, each making up 0.09% of the total CHD diagnoses (Table 1).  The 
1,024 encounters were additionally divided into two groups.  One group contained all of 
the surgical encounters done on patients diagnosed with a more severe single ventricle 
physiology, while the other group contained the rest of the CHD diagnoses consisting of 
a non-single ventricle physiology.  7.71% of the surgical encounters were done on 
patients with a single ventricle physiology while 92.29% of the surgical encounters were 
done on patients with a non-single ventricle physiology (Table 1). 
Table 1: Frequency of specific CHD diagnoses This table includes a summary of all of 
the CHD diagnoses found in this data set. Frequency includes the percent of total CHD 
diagnoses a particular defect made up. Encounters occurring in patients with a single 
ventricle physiology included encounters in patients diagnosed with HLHS, DILV, 
Pulmonary Atresia (PA), or Tricuspid Atresia (TA).  Non-single ventricle anatomy 
included all other CHD defects found in this data set. 
 
Congenital Heart 
Disease Diagnosis 
Frequency (%) Congenital Heart 
Disease Diagnosis 
Frequency (%) 
ASD 29.85% Tricuspid Atresia 1.17% 
PDA 11.09% Truncus Arteriosis 0.72% 
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TOF 
        TOF/PA 
        TOF/CAVC             
8.21% 
2.16% 
0.36% 
Dextrocardia 0.54% 
VSD 7.57% Aortic Stenosis   0.54% 
ASD/VSD 6.49% Supravalvular aortic 
stenosis 
0.54% 
HLHS 4.78% Unbalanced CAVC 0.45% 
CAVC 
        TOF/CAVC 
3.97% 
0.36% 
Supravalvular 
Pulmonary stenosis 
0.27% 
CoA 3.52% Aberrant Left 
subclavian artery 
0.27% 
Pulmonary Atresia 
        TOF/PA 
3.07% 
2.16% 
PAPVR 0.27% 
Bicuspid aortic 
Valve 
2.15% Vascular ring 0.27% 
TGA 2.07% TAPVR 0.18% 
Pulmonary Artery 
Stenosis 
1.53% Interrupted Aortic 
Arch 
0.18% 
DORV 1.53% Coronary Anomaly 0.18% 
Ebstein’s Anomaly 1.35% Double Aortic Arch 0.18% 
MV Disease 1.35% PV Disease 0.18% 
Pulmonary stenosis 1.26% MV Atresia 0.18% 
Pulmonary vein 
stenosis/Pulmonary 
Hypertension 
1.26% Aortic Root 
Dilation 
0.18% 
Transitional AVC 1.26% TV Disease  0.09% 
Cardiomyopathy 
        Hypertrophic 
        Dilated 
1.17% 
0.18% 
0.45% 
DILV 0.09% 
    
Single Ventricle Physiology1 7.71% 
Non-Single Ventricle Physiology2 92.29% 
1) Single ventricle physiology includes HLHS, DILV, PA and TA 2) Non-single ventricle 
physiology includes all other diagnoses 
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Before each surgical encounter took place, each patient was given an assessment 
of degree of fitness for surgery. Patients received a score of 1 to 5 with 1 being a 
completely healthy patient and 5 being a patient that is not expected to survive without 
the operation.  Overall, 52.64% of the surgical encounters were done on patients who had 
received a score of 3 (Figure 2).  The next most common was ASA 2, present in 34.28% 
of the surgical encounters (Figure 2).  ASA class 4 was present in 9.86% of the 
encounters, with ASA 1 present in 3.02% of them and ASA 5 present in 0.2% of them 
(Figure 2). ASA class was further evaluated depending on if the procedure was elective 
or emergency.  When comparing elective procedures to emergency procedures, ASA 
class 3 was the most common in elective procedures, while ASA class 4 was the most 
common in emergent procedures (Figure 2). 
Figure 2: Distribution of ASA class The X-axis represents the type of ASA class a 
patient was awarded before each surgical encounter. The number of emergency as well as 
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elective procedures that received a particular ASA class rating is also reported. The Y-
axis represents the frequency or total number of procedures that received a particular 
ASA class rating.   
 
Ventricular function was classified as good/normal, mild dysfunction, mild-
moderate dysfunction, severe dysfunction, dysfunction of unknown severity or unknown 
function.  Function categories of good/normal, mild dysfunction, mild-moderate 
dysfunction and severe dysfunction were all specifically stated on the echocardiograph 
reports in the electronic medical record.  The classification of dysfunction of unknown 
severity was given to encounters with echo reports indicating abnormal ventricular 
function, however the descriptive terms mentioned above were not specifically stated.   
Most of the echocardiographs in the electronic medical record were performed more than 
three months prior to a particular surgical encounter.  Therefore 59.67% of the surgical 
encounters had an unknown ventricular function associated with them (Table 2).  The 
next most common description of ventricular function was either good or normal, making 
up 29.39% of the surgical encounters (Table 2). Next most common was to have mild 
ventricular dysfunction, which was found in 7.03% of the surgical encounters.  1.46% of 
the surgical encounters contained patients with mild to moderate ventricular dysfunction, 
0.29% of the encounters took place with patients having severe ventricular dysfunction 
and 2.15% of the encounters took place with patients having a ventricular dysfunction of 
unknown severity (Table 2).  
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Table 2: Ventricular function frequency This table includes a summary of the kind of 
ventricular function a patient had prior to each non-cardiac surgical encounter. Over half 
of the surgical encounters did not have a recent echocardiograph done before the surgery 
to determine the ventricular function of those patients.  
Ventricular Function Description  Frequency (%) 
Good/Normal  29.39% 
Mild Dysfunction  7.03% 
Mild-Moderate Dysfunction  1.46% 
Severe Dysfunction  0.29% 
Dysfunction of Unknown Severity  2.15% 
Unknown Function/Echo not Available  59.67% 
 
 
When looking at the distribution of non-cardiac procedures, a great majority of 
the procedures (96.88%) were elective, while a small percentage (2.93%) were emergent 
procedures (Figure 3). 0.2% of the Anesthesia records did not indicate if the procedure 
was emergent or not (Figure 3). Out of the 1,024 surgical encounters that took place, 
1,215 different procedures were performed (multiple procedures done in one surgical 
encounter).  Procedures were classified based on the type of procedure. The most 
common type was Otorhinolaryngology (ORL), which made up 28.6% of the total 
procedures that took place (Figure 3).  The second and third most common procedures 
were Radiology and General Surgery, making up 17.3% and 15.1% of the procedures 
respectively (Figure 3). The least common belonged to the categories of pain and 
gynecology.  None of the procedures in this sample size could be classified as pain or 
gynecology (Figure 3).  
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Figure 3: Distribution of type of procedures The X-axis shows the total distribution of 
type of procedures that took place during the non-cardiac surgical encounters. The total 
number of procedures as well as the percent of total procedures for each category is 
indicated above each bar of the histogram.  
 
 Type and frequency of premedication given was analyzed also.  Premedication 
was given in 35.74% of the encounters (Figure 4).  Of those encounters, various 
combinations of premedication were given. The most common was to administer 
Midazolam only which happened in 48.09% of the encounters that received 
premedication (Figure 4).  The next most common premedication to give was Tylenol 
only, occurring in 24.86% of the encounters that received premedication (Figure 4).  
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Combinations of two or more premedications were given also, but were less common. 
16.94% of the encounters that received premedication were given both Midazolam and 
Ketamine, 5.74% of them were given Tylenol and Midazolam, and 1.64% of the 
encounters received all three types of premedication including Tylenol, Midazolam, and 
Ketamine (Figure 4). 2.73% of the encounters receiving premedication were given other 
types of medication.  Other types of medication included Fentanyl, Vecuronium, 
Cisatracurium, Esmolol or Dopamine either by themselves or in combination with 
Midazolam (Figure 4).  
Figure 4: Percent distribution of premedication administered Figure 4 provides a 
summary of the surgical encounters that did or did not receive any premedication prior to 
the encounter. The bar of pie graph to the side displays the percentages of all types of 
premedication that were administered in the 35.74% of the encounters that did receive 
premedication.   
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Five different induction methods were used after examining this data set. 
Inhalation induction, or induced anesthesia using medication in volatile form was the 
most common and occurred in 63.87% of the surgical encounters (Figure 5).  Induction of 
anesthesia through intravenous (IV) induction made up 29.39% of the surgical encounters 
(Figure 5). Monitored Anesthesia Care (MAC), was present in 3.03% of the encounters, 
meaning that 3.03% of the inductions that took place used a local anesthetic along with 
sedation (Figure 5).  2.25% of the encounters used Rapid Sequence Induction, (RSI), 
commonly used for patients at risk of aspirating gastric contents into the lungs (Figure 5). 
Only 0.29% of the encounters used a regional anesthetic only, while 0.59% used a 
combination of a regional anesthetic along with IV induction (Figure 5). 0.59% of the 
encounters were termed to have an unknown type of induction.  Unknown induction was 
used if the patient in a particular surgical encounter was transported from the ICU already 
sedated, and it was not indicated in the Anesthesia Record what type of induction was 
used, or the type of induction used was not clearly indicated on the Anesthesia Record for 
a certain surgical encounter.  
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Figure 5: Distribution of type of induction Five different types of induction of 
anesthesia were used in this data set. The percent of total encounters that used a certain 
type of induction are summarized in this figure.   	  	  
Table 3 reports the frequencies of all the events that occurred intraoperatively in 
this set of non-cardiac surgical encounters. The most common outcome was to have no 
intraoperative events occur.  75.6% of the non-cardiac surgical encounters did not have 
any intraoperative events take place during those procedures (Table 3).  There were 250 
surgical encounters that had at least one type of intraoperative event take place during 
surgery. Some surgical encounters had more than one class of intraoperative event take 
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place; either a Respiratory and a Cardiovascular event, or a Cardiovascular and an Other 
event, making the total number of events that occurred 328 in this data set (Table 3).  Of 
the 328 events that took place, Cardiovascular events were the most common type, 
making up 44.82% of the total events that took place (Table 3).  Other events made up 
30.49% of the intraoperative events and Respiratory events made up 24.70% of the 
intraoperative events (Table 3).  Upon closer examination, an overwhelming majority of 
the Cardiovascular events that did occur was the use of inotropes, making up 91.16% of 
all Cardiovascular events (Table 3).  The most common type of Respiratory event to 
occur was tied between difficult intubation and documented desaturation (documented 
significant decrease in oxygen saturation), each making up 25.93% of the Respiratory 
events that occurred (Table 3). Of the Other events that occurred, the use of albumin 
during a surgical encounter was the most common, and made up 48.00% of the Other 
surgical encounters that took place (Table 3).  The frequencies of all other types of events 
are documented in Table 3.  
Table 3: Frequencies of intraoperative events First, the table shows the summary of 
how many non-cardiac surgical encounters had an intraoperative event or complication 
take place.  The total number of individual events that occurred is also reported. The total 
number of events is divided into three main categories with number and percent of total 
events that make up each of these three categories reported as well. The three categories 
are further subdivided into more specific types of events.  The number of each specific 
event type that contributes to the total number of events is also reported.  The percent of 
each specific event type is the percent of that category the specific event contributes to. 
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Category 
 
 
Frequency 
 
 
None 774 (75.6%) 
Intraoperative event/complication 250 (24.4%) 
Total intraoperative events (more than 
one per case) 
328 
Respiratory 81  (24.70%) 
        Respiratory difficulty1         19 (23.46%) 
        Documented desaturation         21 (25.93%) 
        Difficult intubation         21 (25.93%) 
        Laryngospasm         14  (17.28%) 
        Failed extubation         6  (7.41%) 
Cardiovascular 147  (44.82%) 
        Inotrope use2         134  (91.16%) 
        Cardiac arrest3         1  (0.68%) 
        Arrhythmias4         12  (8.16%) 
Other 100  (30.49%) 
        Difficult IV/A-line placement         29  (20.00%)       
        Albumin use         48  (48.00%) 
        Blood products used5         18  (18.00%) 
        Other6         5  (5.00%) 
1 given albuterol or some type of airway support without any reported desaturation or spasm. 2 
includes the use of ephedrine, phenylephrine, epinephrine, atropine and dopamine. 3 indicates 
compressions were needed. 4 includes SVT, junctional rhythm, ST depression, 2:1 heartblock, 
asystole, bigeminy and RBBB.  5 indicates blood, RBCs and plasma.  6 includes dislodged 
epidural, vomiting, difficult temp. probe placement, vasospasm and failed sedation 
 
 
 
 When comparing the difference in intraoperative event occurrence between the 
single ventricle and non-single ventricle groups, it was found that there was a statistically 
significant difference in the occurrence of overall intraoperative events between the two 
groups with a P-value of <0.0001 (Table 4). When comparing Cardiovascular events, 
Respiratory events, and Other events between the two groups, it was found again that 
there was a statistically significant difference in the occurrence of Cardiovascular and 
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Other events, with P-values reported as <0.0001 and 0.0001 respectively (Table 4).  
When comparing Respiratory event occurrence between the single ventricle and non-
single ventricle group, a P-value of 0.648 was reported, meaning there was no significant 
difference in occurrence between the two groups (Table 4). 
Table 4: Intraoperative event occurrence in single ventricle vs. non-single ventricle 
encounters The table shows the total number of non-cardiac surgical encounters that 
make up the single ventricle and non-single ventricle groups.  The total number of each 
type of event is reported for the two groups. The percent of total encounters that had 
intraoperative events occur in each group is also reported. P-values for Cardiovascular, 
Respiratory, Other, and overall total events are indicated to show significant differences 
between the two groups.  
Type of 
Intraoperative event 
Single Ventricle  
 
Non-single  
ventricle 
P-value 
Total Encounters 79  945  
Cardiovascular  30  117 <0.0001 
Respiratory  5  74 0.648 
Other 19  81 0.0001 
Total Events (%) 54  
(68.35%) 
 
 
272  
(28.78%) 
<0.0001 
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DISCUSSION 
 
 By using the Electronic Medical Records at Boston Children’s Hospital, we were 
able to record the intraoperative events that occurred in CHD patients receiving a non-
cardiac procedure/surgery from 2008 to 2012.  A majority of studies published so far 
have been based on patients who underwent non-cardiac surgeries/procedures before 
2005.  Over the years, management strategy of CHD has changed significantly, leading to 
the improvement in lifespan of patients with CHD. By analyzing non-cardiac surgical 
procedures done between the years 2008 and 2012, we hope to provide more updated 
information regarding events/complications for this population surrounding non-cardiac 
surgeries.  In addition, the majority of studies so far have mainly focused on post-
operative mortality, but we aimed to study intraoperative event/complications in this 
population. 
There are however, a small number of papers that have evaluated intraoperative 
complications. The Rabbitts et. al study found that perioperative events occurring in non-
cardiac procedures for patients with Fontan circulation included arrhythmias, 
hemodynamic disturbance or fluid overload, one reintubation following failed extubation 
and three cases of acute renal failure (Rabbitts et al., 2013).  Complications occurred in 
12 out of 39 cases with six of them having events occur intraoperatively (Rabbitts et al., 
2013).  For our study, we analyzed intraoperative complications only, in 250 cases. The 
administration of albumin and blood products, occurrence of arrhythmias, as well as 
failed extubation were complications similarly found in our study when compared to the 
Rabbitts et al. study.  Arrhythmias in our study occurred intraoperatively while they 
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occurred postoperatively in the Rabbitts et al. study. We found more types of 
intraoperative events occurring in our study including difficult A-line/IV placement, 
respiratory difficulty, difficult intubation, laryngospasm, documented desaturation, and 
inotrope use (Table 3). One possible explanation for this is that we analyzed 
intraoperative events occurring in patients using a larger sample size, where in the 
Rabbitts et al. study, a total of only 39 non-cardiac surgeries were analyzed.  
 In the review published by White and Peyton, they aimed to construct a 
classification system that would demonstrate if a patient with CHD presenting for a non-
cardiac surgery was at a low, intermediate, or high risk for complications to develop 
perioperatively (White & Peyton, 2012). Because the specific risk factors that occur 
intraoperatively were chosen based on information published earlier, they stated that 
there was a need for more recent evaluation of complications for CHD patients 
undergoing non-cardiac surgery. In our study, we found that cardiovascular events were 
the most common ones to occur intraoperatively in this population. More specifically, the 
use of inotrope medication was the most common type of cardiovascular event, with 
arrhythmias accounting for only 12 of the total intraoperative events, and cardiac arrest 
making up only 1 of the total intraoperative events (Table 3). Other events made up 
30.49% of the total intraoperative events that occurred in our data set, with the 
administration of albumin being the most common type of other event to occur 
intraoperatively (Table 3). Among respiratory events, there were 21 instances of 
documented desaturation as well as difficult intubation, which tied for the most common 
type of respiratory events in this population. Based on these results, it would be more 
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likely that CHD patients would need the administration of inotropes in order to augment 
cardiac function during surgery.  One could also expect that the administration of 
albumin or other blood products may be warranted, as well as the possibility of an 
episode of desaturation or difficult intubation. In knowing that these certain events 
occurred more frequently than others in our results, anesthetic providers can use this 
information to be more aware and prepared to handle these intraoperative events if they 
should arise.  
 The White and Peyton study also stated that with a wide range of CHD diagnoses 
differing in complexity, it is almost impossible to claim that all types of CHD will exhibit 
the same types of risk factors equally (White & Peyton, 2012).  It is for this reason that 
we decided to compare the occurrence of intraoperative events between those encounters 
done on patients exhibiting a single ventricle physiology and those exhibiting a non-
single ventricle physiology.  We found that the occurrence of intraoperative events was 
significantly higher (P<0.0001) in non-cardiac surgical procedures done in patients with a 
single ventricle physiology than those procedures done in non-single ventricle physiology 
patients (Table 4). With a higher frequency in the occurrence of intraoperative events in 
patients with a more severe single ventricle physiology diagnosis, anesthetic providers 
can expect that there may be a higher tendency for intraoperative events to occur during a 
non-cardiac surgical procedure performed on a patient exhibiting single ventricle 
physiology.  Additionally, we found that there was a significantly higher occurrence of 
cardiovascular events (P<0.0001) and other events (P=0.0001) in the single ventricle 
group than the non-single ventricle group (Table 4). With the single ventricle group 
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containing more complex forms of CHD, complications would be more likely to occur in 
single ventricle patients undergoing a non-cardiac procedure.  Patients with single 
ventricle physiology have an altered circulation where blood flows passively down the 
pulmonary artery using a pressure gradient, while the single ventricle is responsible for 
pumping blood to the rest of the body (White & Peyton, 2012).  Therefore during 
surgery, it is essential to balance oxygen delivery to the body as well as making sure an 
adequate amount of blood is flowing to the lungs since there is no direct pumping system 
in these patients. In single ventricle physiology cases, the heart has no ventricle working 
to supply blood to the lungs, and it is also being subjected to the added stress of a surgical 
procedure. This may explain why the use of inotropes, (agents that alter muscular 
contractility of the heart) are more commonly needed in single ventricle patients than 
non-single ventricle patients.  
 In addition, certain demographic variables as well as procedure characteristics 
were analyzed in this population. It was found that a majority of the non-cardiac 
procedures were done in males, with the average age at the time of the procedure being 
4.86 years old, and the average weight being 20.57 Kg (Figure 1). Unpaired T-tests were 
done to determine if there was any significant difference in age and weight between the 
single ventricle and non-single ventricle groups.  A Mann-Whitney test was performed to 
establish if there was a significant difference in gender between the two groups as well.  
No significant difference in age (P=0.2886), weight (P=0.2298) or gender (P=0.6349) 
was found. The most common ASA class given prior to each surgical encounter overall 
was ASA 3 (Figure 2).  In the non-single ventricle group, average ASA class was 2.64 
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and in the single ventricle group, average ASA class was 3.38. It was found that there 
was a significant difference in ASA class when an unpaired T-test was performed 
between the single ventricle and non-single ventricle group (P<0.0001). With the two 
groups showing a significant difference in ASA class only as opposed to age, weight and 
gender, this shows that the occurrence of intraoperative events may also be influenced by 
ASA class as well as single ventricle physiology. Relating to procedure characteristics 
specifically, the most common type of non-cardiac procedure was found to be 
otorhinolaryngology procedures (Figure 3), with 35.74% of the encounters receiving 
some type of premedication (Figure 4) and a majority (63.87%) of the procedures 
receiving inhalation induction (Figure 5). This provides information regarding the types 
of anesthetic practices that were used most commonly in this CHD population in addition 
to what types of procedures are commonly done on CHD patients.  Little has been 
published defining which medications and induction practices are best for CHD patients 
undergoing a non-cardiac procedure.  This study provides a preliminary look at the most 
common anesthetic practices done at Boston Children’s Hospital in CHD patients during 
the years 2008 and 2012, which can be used in future studies to determine the best 
anesthetic practices for this population.  
Limitations 
 Due to the nature of retrospective chart review, this does pose limitations on our 
study. Firstly, there can be a large range in the consistency and accuracy of 
documentation.  For example, certain demographic variables were sometimes not 
indicated on the medical records.  Variables such as average weight, ASA class and 
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emergency vs. elective procedure were not present in a few of the records.  While this 
accounts for a very small percent of our data, and likely does not impact our average 
values significantly, it does keep the data from being as accurate as possible.  There were 
also inconsistencies in the recording of records, most specifically, if a cardiac anesthesia 
consult was sought before a surgical encounter.  Some pre-anesthesia records clearly 
indicated the note provided by the cardiac anesthesiologist.  Other pre-anesthesia records 
mentioned that a certain physician was consulted regarding aspects of a patient’s cardiac 
history.  In knowing the current cardiac anesthesia staff at Boston Children’s Hospital, it 
could be determined if the physician consulted was indeed a cardiac anesthesiologist and 
therefore, if a cardiac anesthesia consult was given.  However, it is possible that some of 
the older records could have contained consults from cardiac anesthesiologists who are 
no longer part of Boston Children’s cardiac anesthesia division and it would have 
therefore been determined by researchers that no cardiac anesthesia consult was given. 
There was no clear indication that a cardiac anesthesia consult was not given as well.  If 
there was no note, or no reference to a recommendation from a current cardiac 
anesthesiologist, then it was determined that no cardiac anesthesia consult was given 
which may have not been the case in all of these surgical encounters.  
 There was also the limitation of infrequent documentation as well.  In order to 
determine ventricular function of a patient before a certain non-cardiac surgical 
encounter, the most recent echocardiograph present in the patient’s medical record was 
evaluated. For the purpose of this study, an echocardiograph had to be performed within 
three months prior to a specific surgical encounter in order to determine ventricular 
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function.  In this data set, many of echocardiographs were performed more than three 
months prior to a specific surgical encounter, leading a majority of surgical encounters 
having an unknown ventricular function associated with them. With such a high presence 
of unknowns, it is difficult to determine whether ventricular function correlates with 
intraoperative events in this data set.  
 There are also limitations when it comes to defining the specific CHD diagnosis 
of a patient in a certain surgical encounter.  There is wide variation in the types of defects 
a patient can present with.  Additionally, it is not uncommon for a patient to present with 
multiple types of defects.  In this study, patients in each surgical encounter were awarded 
an overall CHD diagnosis that consisted of one or two specific lesions based on which 
lesions were the most complex in that particular patient, and what types of palliative 
cardiac surgeries that patient had already received.  Some medical professionals define 
certain congenital defects differently, which would lead to variation in the frequencies of 
certain CHD defects present in this population.  
Future Considerations 
 With our study finding that there is a significant difference in the occurrence of 
overall intraoperative events between the encounters occurring in single ventricle patients 
and those occurring in non-single ventricle patients, this poses new questions for further 
study.  First, only 7.71% of the surgical encounters in our study occurred in patients with 
single ventricle physiology.  Stronger correlations can be drawn the bigger the sample 
size, so studies also assessing the frequency and occurrence of intraoperative events using 
more surgical encounters and more patients would be beneficial. Other demographic 
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variables were reported in this study that may also correlate with the occurrence of 
intraoperative events in patients with CHD.  For example, ASA class or type of non-
cardiac procedure may influence if an intraoperative event occurs during a non-cardiac 
surgical encounter and should also be considered in future studies.  Two preoperative 
variables considered in our study included ventricular function and the presence of a 
cardiac anesthesia consult.  It has been noted that ventricular function may influence the 
occurrence of perioperative events in the CHD population undergoing non-cardiac 
surgery.  Future studies containing well-documented ventricular function should be 
looked at to provide a better understanding of how ventricular function can influence the 
occurrence of intraoperative events. Additionally, much of the research already published 
concerning non-cardiac procedures indicates that these procedures should be done at 
tertiary institutions with trained experts in the realm of pediatric cardiology and cardiac 
anesthesiology.  With this recommendation in mind, future studies should look to see if 
receiving a cardiac anesthesiology consult has any significant impact on the occurrence 
of intraoperative events in the CHD population during non-cardiac surgeries.  
Conclusions 
 Our study found that cardiovascular events were the most common intraoperative 
events to occur in patients with CHD undergoing a non-cardiac surgery/procedure.  Of 
the cardiovascular events, the administration of inotropes was seen most often.  The most 
common other event was the use of albumin, and common respiratory events included 
documented desaturation and difficult intubation. Overall intraoperative events, including 
cardiovascular events and other events, occurred significantly more often in surgical 
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encounters performed on patients exhibiting single ventricle physiology than non-single 
ventricle physiology.  We hope that this information provides anesthetic providers with 
more knowledge regarding the risks and complications that can occur in CHD patients 
during non-cardiac surgical procedures.  With our study also demonstrating that there 
may be a higher chance for these intraoperative events to occur in patients with a more 
complex single ventricle physiology, we can provide additional important information for 
anesthetic providers so that they may be more prepared when caring for these patients 
during a non-cardiac surgery.  By including the analyses showing common premedication 
and induction practices along with other demographic variables present in this 
population, we hope to provide a gateway for further research to determine additional risk 
factors as well as best anesthetic practices for this population so that CHD patients can 
receive the best possible care when undergoing a non-cardiac procedure.   
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